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SOFT ERROR RESISTANT SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a semiconductor device that exhibits an increased resis- 
tance against radiation-induced malfunctions, and more particularly relates to a semi- 
conductor device having a reduced penetration rate of alpha-particles. 

DESCRIPTION OF THE RELATED ART 

Steadily decreasing feature sizes in modem integrated circuits allow fabrication of elec- 
tronic devices exhibiting complex functionality within an extremely small volume. Accord- 
ingly, modern integrated circuits are increasingly used in all types of electronic devices 
as data processing units or as storage media, irrespective of whether the device is an 
everyday product, such as a personal computer, or a device employed in the medical, 
technical, or scientific fields. Among this variety of possible applications of integrated 
circuits, certain critical applications, e.g., data processing units in vehicles, medical de- 
vices and the like, require extremely reliable semiconductor devices, such as chips with 
logic and/or memory function, to avoid serious malfunction of the semiconductor device 
-and any peripheral devices connected thereto. Due to the ever-decreasing feature sizes 
of modern integrated circuits, however, radiation-induced charge carrier generation in 
semiconductor devices increasingly proves to be a possible source of failure for the de- 
vice, which accordingly decreases reliability or even causes a complete failure and thus 
restricts applicability of the device. 

The issue of radiation-induced charge carrier generation becomes more exacerbated 
with decreasing supply voltage driving modern integrated circuits that are preferably 
used in portable devices. High energetic particles penetrating the semiconductor device 
may create a plurality of electron hole pairs, which may then enter charge-sensitive ar- 
eas and cause device failures, and/or may accumulate in charge-sensitive regions of the 
semiconductor device, for example in dielectrics of storage capacitors or in gate insula- 
tion layers of MOS transistors. In the latter case, a significant drift in the threshold volt- 
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age of the transistor device may be created, whereas an accumulated charge in a stor- 
age capacitor may lead to a changed logic state of the capacitor, thereby causing an er- 
ror in reading the storage contents, which is also referred to as soft error. 



It has been found that a major source of radiation-induced charge carrier generation is 
the emission of alpha particles from materials of which the semiconductor devices are 
formed or which are used for assembly and packaging. In particular, semiconductor de- 
vices that are packaged by using a plurality of solder bumps may in general contain a 
large fraction of lead. Lead as usually used for standard solder materials contains the 
isotope 210 Pb that undergoes a p decay and forms an unstable 210 Bi isotope and a Po 
isotope, which then decay into a stable 206 Pb, thereby emitting alpha particles with an 
energy of about 5.4 MeV. Alpha particles that are moving upon decay of a lead isotope 
210 in the direction of charge-sensitive areas of the semiconductor device create an es- 
pecially large amount of additional charge carriers due to the large absorption cross- 
section of alpha particles in matter 



US 5,965,945 addresses the problem of alpha particles inherently created by the decay 
of 210 Pb isotopes contained in the solder bumps and proposes an improved solder bump 
composition in which a thin low alpha layer of lead is deposited over alpha particle- 
sensitive devices, while ordinary, i.e., low cost lead is used for the bulk of the solder 
bump. Although this approach allows to effectively absorb alpha particles emitted by the 
low cost lead, the provision of low alpha lead is costly and it is difficult during the reflow- 
ing of the solder bump for forming a solder ball to avoid mixing of the low alpha lead and 
the low cost lead. 



US 6,043,429 discloses a flip chip and a flip chip package that are shielded from alpha 
particles in that the solder bumps are coated with a layer of alpha particle absorbing ma- 
terial or in that a suitable amount of alpha particle absorbing material is provided in the 
underfill material between the flip chip and the package substrate. In this arrangement, 
the penetration of alpha particles is significantly reduced, wherein, however, the penetra- 
tion of alpha particles, inherently created by the decay of alpha active isotopes, that are 
moving directly from the solder bump into the underlying device regions, may not be 
stopped efficiently. 
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With reference to Figure 1 , the problem of penetration of high energy particles into 
charge-carrier sensitive regions will now be discussed in more detail, wherein a typical 
prior art semiconductor device including, for instance, MOS transistors or storage capaci- 
tors is described. 

In Figure 1, a semiconductor device 100 comprises a substrate 101 that includes one or 
more functional elements (not shown) that are sensitive for radiation-induced charge car- 
riers. A contact pad 102 is formed over the substrate 101 and is usually in electrical con- 
tact with the functional element. The contact pad 102 is electrically insulated by a first 
insulating layer 103 and a second insulating layer 104. On the contact pad 102 and par- 
tially on the second insulating layer 104, a metal or metal compound layer, also referred 
to as underbump metallization, 105 is formed and separates a solder ball 106 comprising 
a substantial amount of lead from the underlying material layers. 

Process flows for forming the semiconductor 100 are well known in the art and a detailed 
description thereof is omitted. It should be noted, however, that the solder ball 106 is 
formed of a solder bump that may be deposited over the underbump metallization and 
partially over the second insulating layer 104 by means of electroplating or any other ap- 
propriate deposition method using a mask to adequately dimension the solder bump. 
After removal of the mask, the solder bump is reflowed to form the solder ball 1 06 which 
substantially recedes onto the underbump metallization 105 due to surface tension. The 
underbump metallization 105 substantially serves two purposes. First, the underbump 
metallization 105 is provided to substantially prevent diffusion of solder material into the 
underlying regions of the semiconductor device 100. Second, the underbump metalliza- 
tion 105 has to provide sufficient adhesion to the materials over and under the under- 
bump metallization to establish a required mechanical stability and to guarantee the re- 
quired reliability. 

During usage of the semiconductor device 100, unstable lead isotopes, such as the iso- 
tope 210 Pb, may decay and, as a result of this decay, alpha particles may be generated. 
As an example, in Figure 1 one branch of the decay of the 210 Pb isotope is depicted. If 
the alpha particles are generated sufficiently close to the interface of the underlying ma- 
terial layers, such as the underbump metallization 105, the alpha particle may also pene- 
trate the substrate 101 and create a plurality of electron hole pairs until the alpha particle 
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is finally stopped. As previously explained, a fraction of these additionally created 
charge carriers may enter charge-sensitive areas, such as junctions between inversely 
doped regions, or thin dielectric layers separating electrically active regions. Conse- 
quently, this additional charge may cause a significant shift of the operating conditions, 
especially when the feature sizes are small and the corresponding operating voltages are 
low. 

In view of the problems outlined above, there is a need for an improved semiconductor 
device in which penetration of high-energy particles, especially alpha particles, is signifi- 
cantly reduced. 

SUMMARY OF THE INVENTION 

To reduce radiation induced charge-carrier generation, the present invention provides, 
according to one embodiment, a semiconductor device comprising a substrate including 
a contact pad and a solder bump formed on the contact pad. Moreover, an absorption 
layer is disposed between the contact pad and the solder bump, wherein a thickness of 
the absorption layer is configured to substantially completely stop alpha particles of at 
least 5.4 MeV. 

According to a further embodiment of the present invention a semiconductor device 
comprises a substrate including a contact pad and a solder bump formed on the contact 
pad. An underbump metallization is disposed between the contact pad and the solder 
pad, wherein the underbump metallization substantially prevents diffusion of solder bump 
material into the substrate and provides adhesion of the solder bump to the substrate. 
The underbump metallization has a thickness that is sufficient to stop alpha particles 
having an energy of approximately 5.4 MeV. 

According to another embodiment of the present invention, a semiconductor device 
comprises a substrate including a functional element and a multilayer metal stack formed 
over the substrate, wherein the multilayer metal stack has an intrinsic alpha particle 
emission rate of less than 0.001 alpha particles/cm 2 and hour and a thickness of 1pm 
and more depending on the type of material. The semiconductor device further com- 
prises a solder bump formed on the multilayer metal stack. 
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According to a further illustrative embodiment of the present invention, a method of form- 
ing a soft error reduced semiconductor device comprises providing a substrate having 
formed thereon a circuit element and forming a contact pad over the substrate. Then, an 
electrically conductive absorption layer is formed over the contact pad with a predefined 
thickness allowing to stop alpha particles with an energy of approximately 5.4 MeV. Fi- 
nally a solder bump is formed over the absorption layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further advantages, objects, and embodiments of the present invention are defined in 
the appended claims and will become more apparent with the following detailed descrip- 
tion when taken with reference to the accompanying drawings, in which: 

Figure 1 schematically shows a cross-sectional view of a typical prior art semiconductor 
device; 

Figure 2 shows a schematic cross-sectional view of a radiation resistant semiconductor 
device according to one embodiment of the present invention; and 

Figures 3a and 3b show schematic cross-sectional views of a radiation resistant semi- 
conductor device during certain stages of manufacture. 

It is to be noted that the Figures in this application are merely schematic depictions of the 
devices under consideration. A person skilled in the art will readily appreciate that the 
dimensions shown in the Figures are not true to scale and that different portions or layers 
may not be separated by sharp boundaries as portrayed in the drawings, but may in- 
stead comprise continuous transitions. 

DETAILED DESCRIPTION OF THE INVENTION 

While the present invention is described with reference to the embodiments as illustrated 
in the following detailed description as well as in the drawings, it should be understood 
that the following detailed description as well as the drawings are not intended to limit the 
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present invention to the particular embodiments disclosed, but rather the described em- 
bodiments merely exemplify various aspects of the present invention, the scope of which 
is defined by the appended claims. 

In general, the present invention provides a semiconductor device in which an additional 
absorption layer is included to significantly reduce penetration of high-energy particles, 
especially of alpha particles, that may inherently be generated in a solder bump by decay 
of radioactive isotopes and/or by materials used for assembling and packaging the semi- 
conductor device. The thickness of the absorption layer is selected such that at least 
alpha particles of an energy of 5.4 MeV, mainly generated by lead containing materials, 
are substantially completely stopped within the absorption layer to substantially prevent 
the particles from reaching gate or capacitor dielectrics or charge sensitive regions, even 
if the alpha particle is generated close to the surface of the absorption layer and its direc- 
tion of movement is substantially perpendicular to the surface of the absorption layer. 
That is, the thickness of the absorption layer is sufficient to stop alpha particles exhibiting 
a minimum migration length within the solder bump, without compromising adhesion of 
the solder bump to the underlying material layers and barrier quality for substantially pre- 
venting diffusion of solder bump material into underlying device regions. As is explained 
later, contrary to prior art approaches, formation of the absorption layer may be compati- 
ble with back end processing. 

- With reference to Figure 2, an illustrative embodiment according to the present invention 
meeting the above-outlined requirements will now be described. Figure 2 shows a sche- 
matic cross-sectional view of a semiconductor device 200 comprising a substrate 201 
that includes a functional element (not shown) having charge-carrier sensitive regions. A 
contact pad 202 formed over the substrate 201 and partially over a first insulating layer 
203 may be electrically connected to the functional element. For simplicity, a 
corresponding electrical connection is not shown in Figure 2. In other embodiments the 
contact pad 202 may not be electrically connected to a functional element and may act 
as an additional contact pad for receiving a "dummy" solder bump that may improve the 
mechanical stability and/or the thermal conductivity and/or the stopping of high energy 
radiation, and the like. A second insulating layer 204 is formed over the first insulating 
layer 203 and partially over the contact pad 202. An absorption layer 210 is formed over 
the contact pad 202 and, according to the embodiment illustrated in Figure 2, the absorp- 
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tion layer 210 covers a portion of the second insulating layer 204. The absorption layer 
210 exhibits a minimum thickness that is sufficient to stop alpha particles having an en- 
ergy of approximately at least 5.4 MeV, even in a case when the alpha particle is gener- 
ated very closely to the absorption layer 210 and enters the same substantially perpen- 
dicularly to its surface. In one illustrative embodiment, the absorption layer 210 is sub- 
stantially comprised of copper and has a minimum thickness of about 5pm which is, ac- 
cording to experiments performed by the inventors, sufficient to stop alpha particles of 
5.4 MeV. 

In a further embodiment, the absorption layer 210 may comprise a barrier layer 214, for 
example a titanium tungsten layer, to avoid diffusion of atoms of the absorption layer 210 
into the contact pad 202 and the second insulating layer 204. The barrier layer 214 may 
be especially advantageous, when the absorption layer 210 comprises copper as copper 
readily diffuses in silicon dioxide and silicon. Other appropriate materials for the absorp- 
tion layer 210 include nickel, chromium, tungsten, gold, silver, platinum, tantalum and 
any compounds of these materials. Other electrically conductive materials may also be 
used as long as the effective thickness is sufficient to stop alpha particles of an energy of 
at least approximately 5.4 MeV. The minimum thickness of the absorption layer 210 de- 
pends on the type of material used owing to different absorption cross-sections for alpha 
particles of these materials. An appropriate thickness for all of the above materials 
ranges from approximately 1(jm to 10 pm, wherein for heavier elements such as tung- 
sten, gold, silver, platinum, tantalum and compounds thereof a thickness from approxi- 
mately 1 pm to 4 pm may be appropriate to achieve the required effect. In one embodi- 
ment, a multi-layer stack may be provided, wherein the absorption layer 210 and/or the 
barrier layer 214 may comprises one or more sub-layers. The multi-layer metal stack 
may be configured to have an intrinsic alpha particle emission rate of less than 0.001 
alpha particles/cm 2 and hour and a thickness of 1pm and more depending on the type of 
material used. 

Over the absorption layer 210 an underbump metallization 205 is formed on top of which 
a solder ball 206 is located. The underbump metallization 205 may comprise a plurality 
of metal layers, such as chromium/copper, copper, titanium/tungsten and others. As pre- 
viously explained, the composition of the underbump metallization 205 is selected to pro- 
vide sufficient adhesion of the solder ball 206 to the underlying substrate 201 and to 
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substantially prevent diffusion of atoms of the solder ball 206 into the underlying regions. 
Moreover, the composition and the thickness of individual layers of the underbump 
metallization 205 may be selected to substantially balance any mechanical stress 
created by heating the substrate 201. 

During usage of the semiconductor device 200 alpha particles arising from the decay of 
unstable lead isotopes and other unstable heavy atoms will, when moving in the general 
direction of the absorption layer 210, be absorbed within the absorption layer 210 even in 
the case when alpha particles are created at the interface to the underbump metallization 
205 and move substantially perpendicularly to the surface of the absorption layer 210. 
Upon stopping the alpha particles, a large amount of atoms within the absorption layer 
210 is ionized and, depending on the operating conditions, the charge carriers created by 
ionizing metal atoms may drift away when the solder ball is in contact with an external 
power supply, or the additional charge carriers may be recaptured after a certain relaxa- 
tion time. Alpha particles that are emitted at a perimeter portion of the solder ball 206 
and that are directed in a generally horizontal direction with respect to the configuration 
shown in Figure 2 will substantially be prevented from reaching the functional element 
within the substrate 201, since these particles have to move a relatively long distance 
through an underfill material (not shown) and will then impinge on the second insulating 
layer 204 under a small angle. Consequently, the effective path length an alpha particle 
has to move within the underfill material and the second insulating layer 204 and the first 
insulating layer 203 is quite large, which significantly reduces the probability of the alpha 
particle for reaching the substrate 201 . 

According to a further embodiment, as will be described with reference to Figures 3, the 
lateral extension of the absorption layer 210 may significantly extend beyond the lateral 
dimensions of the solder ball 206 to absorb alpha particles that are emitted under a wide 
range of angles. 

A typical process flow for forming the semiconductor device 200 may include the follow- 
ing process steps. After forming the contact pad 202, which may substantially be com- 
prised of aluminum or, in high-performance devices, may substantially be comprised of 
copper or any alloys thereof, on the substrate 201 and partially on the first insulating 
layer 203, which may be comprised of silicon dioxide or silicon nitride, the second insu- 
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lating layer 204, for example silicon dioxide or silicon nitride, is deposited and patterned 
by well-known techniques. Subsequently, a relatively thick metal containing layer, i.e., on 
the order of some |jm depending on the type of material, may be deposited by, for exam- 
ple, physical vapor deposition, electroplating, and the like. For example, if a copper ab- 
sorption layer is formed, preferably the thin barrier layer 214 comprising, for example 
tantalum, tantalum nitride, titanium, titanium nitride, and the like, may be deposited fol- 
lowed by a seed layer (not shown) formed by sputter deposition prior to forming the thick 
copper layer by means of electroplating. During depositing the bulk material of the ab- 
sorption layer 214 process parameters, such as deposition time, deposition rate, and the 
like are controlled to obtain a final thickness of the absorption layer 214 that ensures the 

^ required stopping power. Typically, a thickness of approximately 1pm to 10pm is appro- 
priate for a wide variety of suitable materials, wherein for example approximately 1 pm to 
4 pm may be selected for heavy elements, such as tungsten, gold, silver, platinum, tanta- 
lum, and approximately 5 pm and more for copper, nickel and the like. It is to be noted 
that the above values may have to be adapted accordingly when the above materials are 
used in compounds including components having a less effective stopping power than 
the pure materials specified above. Subsequently, the underbump metallization 205 is 
formed on the absorption layer 210 and a photoresist mask is formed thereon to define 
an opening in which solder bump material is to be filled in. Thereafter, solder bump ma- 
terial is filled in the opening by an appropriate deposition method, such as chemical va- 
por deposition, to form a solder bump. After removing the photoresist mask, the absorp- 

.^rtion layer 214 may be patterned so as to have a lateral extension that may coincide with 
the lateral extension of the solder bump, or that may exceed the lateral extension of the 
solder bump. Prior to patterning the absorption layer 210, the underbump metallization 
205 may be selectively etched, wherein the degree of underetch of the solder bump may 
define the final lateral extension of the solder ball 206 that is created by reflowing the 
solder bump. Moreover, after forming the solder ball 206, the exposed surface portions 
of the absorption layer 210 may be coated by an appropriate passivation layer as is indi- 
cated by the peripheral portions 212, shown as dashed lines in Figures 2. 

With reference to Figures 3, a further embodiment of the present invention will be de- 
scribed. Figures 3a and 3b show schematic cross-sectional views in forming a semicon- 
ductor device 300 having, in its completed form, a similar configuration as the semicon- 
ductor device 200. 
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In Figure 3a, the semiconductor device 300 is depicted in a manufacturing stage, 
wherein a semiconductor substrate 301 including a functional element (not shown) has a 
first insulating layer 303 formed thereon and a contact pad 302. A second insulating 
layer 304 is formed over the first insulating layer 303 and partially over the contact pad 
302. A first underbump metallization layer 305a followed by an absorption layer 310 and 
a second underbump metallization layer 305b are formed over the substrate 301 . A 
photoresist mask 31 1 defines an opening in which a solder bump material 306 is filled. 

According to this embodiment, the contact pad 302 and the first and second insulating 
layer 303 and 304 are formed according to photolithography and etch techniques that are 
well known in the art. Subsequently, the first underbump metallization layer 305a, for 
example a titanium tungsten layer, is formed by means of CVD or sputter deposition. 
Thereafter, the absorption layer 310 is deposited with a predefined thickness, for exam- 
ple by physical vapor deposition or electroplating, wherein the first underbump metalliza- 
tion layer 305a acts as a current distribution layer. Subsequently, the second underbump 
metallization layer 305b is formed on the absorption layer 310, for example by physical 
vapor deposition. The first and second underbump metallization layers 305a and 305b 
and the absorption layer 310 may be considered as a underbump metal stack the total 
thickness of which is selected to provide the required alpha particle stopping characteris- 
tics. After forming the photoresist mask 31 1 by known photolithographic and etching 
techniques, the solder bump material 306 may be deposited by electroplating, wherein 
the first underbump metallization layer 305a, the absorption layer 310 and the second 
underbump metallization layer serve as a current distribution layer. Due to the relatively 
large thickness of the absorption layer 310, for example about 5pm for a copper layer, a 
uniform current distribution over the entire substrate area is obtained to thereby deposit 
uniform amounts of solder bump material 306 within the photoresist mask 31 1, even if a 
large-area substrate 301 is used that bears a large number of openings to be filled with 
the solder material 306. Moreover, the large thickness of the absorption layer 310 allows 
relatively high currents in electroplating the bump material, thereby generating an in- 
creased deposition rate. 

Figure 3b depicts the semiconductor device 300 in an advanced manufacturing stage. In 
Figure 3b, the photoresist mask 31 1 is removed and the second underbump metallization 
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layer 305b may be patterned to exhibit the lateral extension of the solder bump 306. In 
other embodiments, the second metallization layer 305b may be patterned together with 
the absorption layer 310. Moreover, the absorption layer 310 and the first underbump 
metallization layer 305a are patterned to laterally extend beyond the solder bump 306 to 
an amount that is in conformity with design requirements. In one particular embodiment, 
the absorption layer 310 and the first underbump metallization layer 305a are patterned 
to substantially cover the entire substrate surface, separated from adjacent solder bumps 
by narrow trenches 320 having a width on the order of 1 pm to 1 00pm. It should be noted 
that, as previously explained, any amount of lateral extension may be selected. More- 
over, as already described above, the exposed surface of the absorption layer 310 may 
be coated by an appropriate passivation layer, for example silicon nitride, to avoid any 
chemical reactions or outdiffusion of the absorption layer 310. 

Subsequently, the solder bump 306 may be reflowed to form a solder ball similar to that 
shown in Figure 2. 

As a result, the present invention provides a semiconductor device exhibiting an in- 
creased resistance against radiation-induced charge carrier creation, which may particu- 
larly be caused by alpha particles generated within solder bumps. Therefore, an interac- 
tion of these additionally created charge carriers in gate and/or capacitor dielectrics and 
charge carrier sensitive regions may significantly be reduced. The materials used for an 
effective absorption layer, such as copper, nickel, tungsten, gold, silver, platinum, tanta- 
lum and other metals, or any compounds thereof, may at least partially be compatible 
with standard semiconductor processing and also guarantee good adhesion and low 
electrical resistance. Moreover, by providing a corresponding absorption layer between 
the solder bump and the substrate, a more effective heat transport mechanism is estab- 
lished and thus heat dissipation of the device is significantly improved compared to con- 
ventional devices. Additionally, the composition of the absorption layer may be selected 
so as to effectively balance any thermal strain induced by heating the substrate, either 
during further manufacturing processes or during operation. 

Further modifications and variations of the present invention will be apparent to those 
skilled in the art in view of this description. Consequently, this description is to be con- 
strued as illustrative only and is for the purpose of teaching those skilled in the art the 
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general manner of carrying out the present invention. It is to be understood that the em- 
bodiments of the invention shown and described herein are to be taken as the presently 
preferred embodiments. 
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CLAIMS 

1 . A semiconductor device comprising: 
a substrate including a contact pad; 

a solder bump formed on said contact pad; and 

an absorption layer disposed between said contact pad and said solder bump, 
said absorption layer having a thickness that is configured to substantially stop al- 
pha particles of at least 5.4 MeV. 

2. The semiconductor device of claim 1 , wherein said absorption layer comprises at 
least one of copper, nickel, chromium, tungsten, gold, silver, platinum, tantalum 
and a compound thereof. 

3. The semiconductor device of claim 1 , wherein said absorption layer comprises 
two or more sub-layers. 



4. The semiconductor device of claim 1 , wherein said absorption layer is adapted to 




reduce passage of alpha particles to a rate less than 0.001 alpha particles/cm 2 



and hour. 

5. The semiconductor device of claim 1 , wherein said absorption layer laterally ex- 
tends beyond the solder bump. 

6. The semiconductor device of claim 4, further comprising a passivation layer 
covering a peripheral portion of the absorption layer. 

7. The semiconductor device of claim 1 , further comprising a second solder bump 
formed over a second absorption layer, wherein said absorption layer and said 
second absorption layer are laterally isolated from each other by a spacing of ap- 
proximately 1pm to 100pm. 
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8. The semiconductor device of claim 8, wherein said spacing is filled with a dielec- 
tric material. 

9. The semiconductor device of claim 1 , wherein a thickness of said absorption layer 
is in the range of approximately 1pm to 10pm. 

10. The semiconductor device of claim 1 , wherein an intrinsic alpha particle emission 
rate of the absorption layer is less than 0.001 alpha particles /cm 2 and hour. 

11. A semiconductor device comprising: 
a substrate including a contact pad; 

a solder bump formed on said contact pad; 

an underbump metallization disposed between the contact pad and the solder 
pad, the underbump metallization substantially preventing diffusion of solder 
bump material into said substrate and providing adhesion of the solder bump to 
the substrate, wherein the underbump metallization has a thickness sufficient to 
stop alpha particles of approximately 5.4 MeV. 

12. The semiconductor device of claim 12, wherein an intrinsic alpha particle emission 
rate of the underbump metallization is less than 0.001 alpha particles/cm 2 and 
hour 

13. The semiconductor device of claim 1 1 , wherein a thickness of the underbump 
metallization is in the range of approximately 1pm to 10pm. 

14. The semiconductor device of claim 1 1 , wherein the underbump metallization com- 
prises an absorption layer having a thickness of approximately 1 pm or more. 
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15. The semiconductor device of claim 14, wherein said absorption layer comprises at 
least one of copper, nickel, tungsten, gold, silver, platinum, tantalum and any 
compound thereof. 

16. The semiconductor device of claim 1 1 , wherein a lateral extension of the under- 
bump metallization is larger than a lateral extension of the solder bump. 

17. The semiconductor device of claim 14, wherein a thickness of the absorption layer 
is in the range of approximately 1pm to 10pm. 

1 8. The semiconductor device of claim 1 1 , wherein a peripheral portion of the under- 
bump metallization is coated with a passivation layer. 

19. A semiconductor device comprising: 

a substrate including a functional element; 

a multilayer metal stack formed over said substrate, wherein the multilayer metal 
stack has an intrinsic alpha particle emission rate of less than 0.001 alpha parti- 
cles/cm 2 and hour and a thickness of 1 pm and more; and 

a solder bump formed on said multilayer metal stack, 

20. The semiconductor device of claim 19, wherein said multilayer metal stack later- 
ally extends beyond the solder bump. 

21 . The semiconductor device of claim 19, further comprising a passivation layer cov- 
ering a peripheral portion of the multilayer metal stack. 

22. The semiconductor device of claim 19, wherein the multiplayer metal stack com- 
prises at least one of copper, nickel, tungsten, gold, silver, platinum, tantalum and any 
compound thereof. 
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23. A method of forming a soft error reduced semiconductor device, the method com- 
prising: 

providing a substrate having formed thereon a circuit element; 
forming a contact pad over the substrate; 

forming an electrically conductive absorption layer over the contact pad with a predefined 
thickness allowing to stop alpha particles with an energy of approximately 5.4 MeV; and 

forming a solder bump over the absorption layer. 

24. The method of claim 23, wherein forming the absorption layer comprises deposit- 
ing the absorption layer and controlling at least one process parameter to obtain said 
predefined thickness. 

25. The method of claim 23, further comprising forming at least one further metal 
layer adjacent to said absorption layer. 

26. The method of claim 25, wherein a total thickness of the further metal layer and 
the absorption layer is in the range of approximately 1pm to 10|jm. 

27. The method of claim 23, wherein said predefined thickness of the absorption layer 
is in the range of approximately 1pm to 10pm. 

28. The method of claim 23, further comprising forming a second solder bump over 
the absorption layer, and forming a trench between the solder bump and the second sol- 
der bump to electrically insulate the solder bump and the second solder bump. 

29. The method of claim 28, wherein a width of said trench is in the range of approxi- 
mately 1pm to 100pm. 
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ABSTRACT 

A semiconductor device comprises a material layer adapted to efficiently stop alpha par- 
ticles that are substantially generated within a solder bump of a flip chip device. The ma- 
terials used for stopping the alpha particles are compatible with standard back end proc- 
essing and do not degrade adhesion of the solder bump to the remaining substrate. 
Moreover, a low electrical resistance is maintained and heat dissipation may be im- 
proved. 



100 



106 



FIG.1 

(Prior Art) 



104 

^VVW*S ~103 



200 



212 



FIG.2 




214 202 



GRONECKER, kinkeldey. 

STOCKMAIR <5c SCHWANHALISSER 



P 



2/2 




302 




GRONECKER, kinkeldey. 

STOCKMAIR <5c SCHWANHAUSSER 



P 32845 



